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bstract
A series of new calamitic liquid crystals, 4-[3-(pyridin-4-yl)prop-2-enoyl]phenyl 4-alkyloxybenzoates, comprising a pyridyl core,
ster–chalcone central linkage and terminal alkyloxy chain were synthesized and characterized. This series consists of four members
hat differ by the length of the alkyloxy chain (CnH2n+1O , where n  = 10, 12, 14, 16). The structures of the title compounds were
lucidated using spectroscopic and spectrometric techniques, such as FT-IR, NMR (1H and 13C) and EI-MS. The mesomorphic
roperties were studied using differential scanning calorimetry and optical polarizing microscopy. The decyloxy-containing com-
ound was found to be non-mesogenic, whilst the compounds containing n-dodecyloxy to n-hexadecyloxy chains exhibited an
nantiotropic smectic A phase with a fan-shaped texture. From the structure–property relationship study, it was proposed that the
umber of carbons in the alkyloxy chain must be at least 12 (n  ≥  12) to generate the smectic phase in the corresponding substituted
rCOOArCOCH CHC5H4N compounds.
 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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.  Introduction
The electronically conducting behaviour of liquid
rystals (LCs) has received overwhelming attention∗ Corresponding author.
E-mail addresses: hast utar@yahoo.com, hast@utar.edu.my
S.-T. Ha).
eer review under responsibility of Taibah University.
ttp://dx.doi.org/10.1016/j.jtusci.2015.12.004
658-3655 © 2015 The Authors. Production and hosting by Elsevier B.V. on 
C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).since the discovery of high hole mobility in the hexag-
onal columnar phase of hexapentyloxy-triphenylene
liquid crystals [1–5]. Recently, calamitic LCs have been
identified as another potential material for application in
electronic devices due to the presence of some ordered
mesophases, such as SmA, SmC, SmB, SmE, among
others. The two-dimensional arrangement (i.e., layers)
in smectics is more tolerant with regard to defects
than the one-dimensional ordered discotic columns,behalf of Taibah University. This is an open access article under the
resulting in enhanced electronic performance [6]. The
electronically conducting behaviour of calamitic liq-
uid crystals was first investigated in the SmA phase
of 2-phenylbenzothiazole derivatives. The presence of
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slip. Phase identification was made by comparing theScheme 1. Synthetic route for the target compounds. (i) KOH dissol
H2O:EtOH (1:1), KOH, conc. HCl (iv) DCC, DMAP, DCM, DMF.
layer structures in all smectic liquid crystalline materials
induces –  stacking interactions that can facilitate the
hopping of electrons, thereby increasing charge carrier
mobility [7–9].
Our previous work focused on the synthesis of
a few homologous series of smectic LCs containing
a benzothiazole moiety [10–13]. Incorporation of a
benzothiazole ring into calamitic liquid crystals as a
mesogenic core enabled the resulting molecules to easily
exhibit mesophases due to the more polarizable nature of
the heteroatoms sulphur and nitrogen [14]. In this paper,
we report a new homologous series of heterocyclic liquid
crystals comprising a pyridyl unit (Scheme 1). Introduc-
tion of a nitrogen atom into the aromatic core results in a
more complex mesomorphic behaviour. In a few cases,
highly ordered smectic phases (e.g., G, H) are observed
at or near room temperature, which are properties that
are of interest, if the materials also possess useful charge
mobilities for application in real devices.
Liquid crystals containing a chalcone central link-
age are relatively rare. In the literature, there are several
reports of mesogenic compounds having chalcone link-
ages. Many years ago, Chudgar and Shah [15] and
Yeap et al. [16] reported a homologous series of meso-
genic compounds containing ester-chalcone linkages.
Recently, Thaker et al. [17] also synthesized meso-
morphic compounds containing a Schiff base–chalcone
linkage. The emergent scientific interest in the synthe-
sis of heterocyclic liquid crystals and the outstanding
liquid crystalline behaviour of chalcone-containing com-
pounds has prompted us to synthesize a series of
mixed pyridyl–chalcone liquid crystals. The presented
molecules consist of three core units (one pyridyl and twoO [PPPABCn]
tOH:H2O (1:1), 2 M HCl (ii) CnH2n+1Br, K2CO3, CH3COCH3 (iii)
phenyl rings) connected via enone and ester linkers that
can increase the molecular broadness and anisotropy.
2.  Experimental
2.1.  Characterization
Infrared spectroscopy was performed on a Perkin-
Elmer System 2000 FT-IR Spectrometer. All compounds
were analyzed using KBr discs with a measurement
range of 4000 to 400 cm−1. 1H NMR (400 MHz) and 13C
NMR (100 MHz) spectra were recorded in CDCl3 using
a JEOL LA-400 MHz NMR spectrometer with tetram-
ethylsilane as the internal standard. EI-MS (70 eV) was
measured with a Finnigan MAT95XL-T Mass Spectrom-
eter at a source temperature of 200 ◦C.
Phase-transition temperatures and associated
enthalpy changes were measured using a Mettler
Toledo Differential Scanning Calorimeter DSC823e at
heating and cooling rates of 10 ◦C/min and −10 ◦C/min,
respectively. A polarizing optical microscope (Carl
Zeiss) equipped with a Linkam hotstage was used for
temperature dependent studies of the liquid crystal
textures. A video camera (Video Master coomo20P)
installed on the microscope was attached to a video cap-
ture card (Video Master coomo600), allowing real-time
video capture and image saving. The textures exhibited
by the compounds were observed using polarized light
with crossed polarizers. Samples were prepared as thinobserved textures with those reported in the literature
[18,19].
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.2.  Synthesis
All solvents and reagents were purchased
ommercially and used without any further
urification. 4-Dimethylaminopyridine (DMAP),
-hydroxyacetophenone, pyridine-4-carbaldehyde, 1-
romoalkane (CnH2n+1Br, where n  = 10, 12, 14,
6), potassium hydroxide and potassium carbonate
ere obtained from Merck (Germany). Ethyl 4-
ydroxybenzoate and N,N′-dicyclohexylcarbodiimide
DCC) were purchased from Acros Organics (USA).
The synthetic route for the formation of the title
ompounds, 4-[3-(pyridin-4-yl)prop-2-enoyl]phenyl 4-
lkyloxybenzoates (PPPABCn, where n = 10, 12, 14, 16),
s illustrated in Scheme 1. Intermediate compounds 1-(4-
ydroxyphenyl)-3-(pyridin-4-yl)prop-2-en-1-one and 4-
lkyloxybenzoic acid were prepared according to the
ethod described by Ha and Low [20] and Kadkin et al.
21], respectively.
.2.1.  Synthesis  of  mixed  pyridyl–chalcone  liquid
rystals
1-(4-Hydroxyphenyl)-3-(pyridin-4-yl)prop-2-en-1-
ne (2 mmol, 0.45 g), the appropriate 4-alkyloxybenzoic
cid (2 mmol) and DMAP (1 mmol, 0.12 g) were of PPPABC12.
dissolved in a 10-mL mixture of DCM and DMF, and
the solution was stirred at 0 ◦C. DCC (2 mmol, 0.41 g)
dissolved in 10 mL of DCM was added to the mixture
dropwise, and the solution was continuously stirred
for an hour at 0 ◦C. The mixture was then stirred at
room temperature for 48 h. Finally, the mixture was
filtered and the solvent was removed by evaporation.
All of the crude products were purified by repeated
recrystallizations using a 2:1 ratio of methanol and
chloroform until constant melting points were obtained.
The purity of all of the compounds was verified by thin
layer chromatography (Merck 60 F254) and visualized
under short-wave UV light.
The IR, NMR (1H and 13C) and mass spectral data
for the representative compound, PPPABC12, are sum-
marized as follows.
4-[3-(Pyridin-4-yl)prop-2-enoyl]phenyl 4-dodecyl-
oxybenzoates (PPPABC12): IR max (KBr, cm−1):
2922, 2852 (C H aliphatic); 1728 (C O ester); 1662
(C O keto), 1273 (C O, aromatic ether). 1H NMR
(400 MHz, CDCl3, δppm): 0.9 (t, 3H, CH3 ), 1.3–1.5
(m, 18H, CH3 (CH2)9 (CH2)2 O ), 1.8 (p, 2H,
CH2 CH2 O ), 4.0 (t, 2H, CH2 O ), 7.0 (d, 1H,
olefinic H), 7.4 (d, 2H, Ar H), 7.5 (d, 1H, olefinic),
7.6–7.7 (m, 4H, Ar H), 8.1–8.2 (m, 4H, Ar H), 8.7
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spectrumFig. 2. 1H NMR 
(d, 2H, Ar H). 13C NMR (100 MHz, CDCl3, δppm):
14.23 (CH3 ), 22.79, 26.06, 29.44, 29.68, 32.01 for
methylene carbons (CH3 (CH2)10 ), 64.49 ( CH2O ),
122.38, 141.77 for olefinic carbons, 114.52, 120.94,
122.13, 125.94, 130.37, 132.52, 134.96, 142.11, 150.75,
155.21, 163.95 for aromatic carbons, 164.45 ( COO ),
188.71 (C O keto). EI-MS m/z  (rel. int. %): 513 (<1)
[M+], 289 (100).
3.  Results  and  discussion
3.1.  Synthesis  and  spectroscopic  studies
The synthetic route used for the preparation of
PPPABCn is shown in Scheme 1. The Claisen–Schmidt
condensation method was used in the reaction of
4-hydroxyacetophene and pyridine 4-carbaldehye
to yield intermediate A. Etherification of ethyl-
4-hydroxybenzoate in acetone with appropriate of PPPABC12.
1-bromoalkane and acidification using concentrated
hydrochloric acid afforded intermediate B. Inter-
mediates A and B were then subjected to Steglich
esterification in the presence of DCC and DMAP to
yield the title compounds PPPABCn.
The structure of the title compound was elucidated
using EI-MS, IR and NMR spectroscopic techniques.
Fig. 1 shows the EI-MS spectrum of representative com-
pound PPPABC12. The prominent molecular ion peak
at 513 m/z  in the mass spectrum established its molec-
ular formula as C33H39NO4, supporting the proposed
structure.
Infrared data of PPPABC12 show the absorption
bands assignable to the stretching of aliphatic C H
bonds in the frequency range of 2852 to 2946 cm−1.
−1The band appearing at 1728 cm can be ascribed to the
stretching of the C O bond belonging to the ester group.
Another C O bond, observed at a lower frequency of
1662 cm−1, is attributed to the keto group. Formation of
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Figs. 2 and 3 show the 1H and 13C NMR spectra,
espectively, for PPPABC12. The 1H NMR spectrum
f PPPABC12 shows two triplets assignable to the
ethyl (CH3) group of the ether linkage and methy-
ene protons attached to the ether oxygen ( CH2 O )
t δ 0.9 and   4.0, respectively. Triplet splitting was
bserved due the presence of two neighbouring pro-
ons in both cases. The other methylene protons of
H3 (CH2)9 (CH2)2 O group in the alkyl chain
ere confirmed by the presence of multiplet signals at
 = 1.3–1.5. A pentet signal assignable to the methylene
rotons of the CH2CH2CH2O group appears at δ 1.8.
he presence of two olefinic protons is confirmed withhe presence of doublets at chemical shifts of δ  7.0 and
 7.4. Resonances attributable to the eight aromatic and
our pyridyl protons were observed in the range of δ
.4–8.7.m of PPPABC12.
The molecular structure of PPPABC12 was further
substantiated by 13C NMR spectroscopy. The presence
of the C O ester group can be corroborated by the 13C
signal observed at δ  164.45. The most downfield signal
at δ  188.71 is assigned to the C O of the enone group.
Signals attributable to the olefinic carbons can be found δ
122.38 and 141.77. The peaks belonging to the aromatic
and pyridyl carbons gave 13C signals between δ  114.52
and δ  163.95. The methylene carbon attached to the ether
oxygen ( CH2O ) possessed the highest chemical shift
(δ 64.49) among the methylene carbons. The remaining
carbons on the alkyl chain exhibited signals between δ
14.23 and δ  32.01.
3.2.  Mesomorphic  behaviourThe mesophases of all of the compounds were
observed under an optical polarizing microscope
during heating and cooling cycles. The optical
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Fig. 4. Optical photomicrographs (100×) of (a) PPPABC12 and
Table 1
Phase transition and transition enthalpy changes for PPPABCn upon
heating and cooling.
Compound Phase transition, ◦C (corresponding enthalpy
changes, kJ mol−1)
PPPABC10 Heating: Cr 115.8 (49.9) I
Cooling: Cr 108.7 (49.6) I
PPPABC12 Heating: Cr1 110.9 (44.1) Cr2 118.8 (23.1) I
Cooling: Cr 94.6 (57.8) SmA 111.5 (3.5) I
PPPABC14 Heating: Cr 109.8 (64.4) SmA 117.1 (4.6) I
Cooling: Cr 98.2 (59.5) SmA 116.0 (2.5) I
PPPABC16 Heating: Cr 111.4 (41.8) SmA 118.1 (2.9) I
Cooling: Cr 89.7 (41.6) SmA 115.8 (2.7) I(b) PPPABC14 exhibiting smectic A phase with fan-shaped and
homeotropic textures.
photomicrographs of PPPABC12 and PPPABC14 are
depicted in Fig. 4 as a representative illustration. Upon
cooling from an isotropic liquid, the co-existence of
fan-shaped and homeotropic (dark area) textures of the
smectic A (SmA) phase was observed for PPPABC12
(Fig. 4a) and PPPABC14 (Fig. 4b). All observed liquid
crystalline textures are typical according to the literature
[18,19].
The phase transition temperatures and correspond-
ing enthalpy changes of the compounds PPPABCn  were
determined by differential scanning calorimetry (DSC).
The data obtained from the DSC analysis are sum-
marized in Table 1. The DSC thermogram (Fig. 5)
of PPPABC14 shows two endotherms upon heating
that can be attributed to the isotropic–mesophase and
mesophase–crystal transitions. Such transitions were
also supported by the enthalpy values of the respective
compounds. It is clear from Table 1 that PPPABC14Cr, crystal; SmA, Smectic A; I, isotropic. Value in the bracket is
enthalpy change.
and PPPABC16 exhibited enantiotropic properties, as
the mesophases were observed during both heating and
cooling cycles. All of the compounds exhibited a smec-
tic A (SmA) phase, except for the n-decyloxy derivative
(i.e., PPPABC10).
The linking group is one of the determining factors
that influences whether the target compound will exhibit
a smectic phase instead of a nematic phase. The ester
linking group generally favours lamellar packing due to
the dipole–dipole interaction, which ultimately gener-
ates the smectic phase [22]. In the case of PPPABCn,
conjugation over the entire molecule was achieved
between the enone linking group and pyridyl core sys-
tem, which led to expression of the smectic phase. This
suggests that the heteroatom of pyridyl group at the ter-
minal position has a substantial effect on influencing
certain phases. It has been reported that the inclusion
of heteroatoms can significantly change the polarity,
polarisability and occasionally the geometric shape of
the molecule, thus influencing the type of mesophase,
phase transition temperatures, dielectric and other prop-
erties of the mesogens [14]. Because of the presence
of nitrogen in the pyridyl ring at the terminal posi-
tion, these compounds may also serve as a new type
of donor group for hydrogen bonding studies (e.g.,
COOH·  · ·N ) with acceptor molecules (for example,
4-alkyloxybenzoic acids) to form new binary liquid crys-
tals [23–26].
As the length of the terminal chain increased, the
phase changed from non-mesogenic to enantiotropic
smectic A phase. The smectic character was absent
in PPPABC10, but was present in the compounds
containing longer alkyl chains (PPPABC12, 14, 16).
PPPABC10, containing an n-decyloxy chain, is too rigid
to be mesogenic, while longer terminal alkyloxy chains
may favour a lamellar arrangement in smectic layer
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tructures due to higher Van  der  Waals  interactions and
he possibility of intertwining between alkyloxy chains.
t can therefore be proposed that to generate the smectic
hase in the substituted ArCOOArCOCH CHC5H4N
ompounds, the number of carbons in the alkyloxy chain
CnH2n+1O ) must be at least 12 (n  ≥  12). Lastly, the
mA phase range (SmA) was reduced as the chain
ength increased from C12 to C16, which could be due
o dilution of the mesogenic core [27,28].
.  Conclusion
In this paper, we have described the synthesis
nd mesomorphic behaviour of a new homologous
eries of 4-[3-(pyridin-4-yl)prop-2-enoyl]phenyl 4-
lkyloxybenzoates comprising an ester–chalcone central
inkage and a pyridyl core. Members of the homolo-
ous series containing C12 alkyl chains or longer (i.e.,
14 and C16) exhibited liquid crystalline behaviour in
hich the SmA phase was observed. Therefore, it can
e concluded that the current core system requires a spe-
ific alkyloxy chain length (n  ≥  12) to produce a smectic
hase. The length of the terminal alkyloxy chain affects14 upon heating and cooling.
the melting and clearing temperatures as well as the
mesophase ranges. In our future work, molecular mod-
ifications will be carried out on this homologous series
to yield liquid crystalline compounds with high thermal
stabilities and wider mesophase ranges.
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